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(71) We, ICN PHARMACEUTICALS INC (previously known as Inter- 
national Chemical & Nudear Corporation), a Corporation organised and existing 
under the Laws of the State of California, United States of America, of 171 South 
Lake Avenue, Pasadena, State of California, United States of America, do hereby 
declare the invention, for which we pray that a patent may be granted to us, and the 
method by which it is to be performed, to be particularly described in and by the 
following statement: — 

Tins invention , relates to certain pyrazolo (1,5a) pyrimidines and to a process 
for the production thereof. 

As reported by Sutherland et al in "Cyclic AMP**, Am Rev. Biochenu 37, 149 
£1968), cyclic adenosine nwnophosphate (C— AMP) has been established as an 
mtraceuular second messenger", mediating many of the actions of a variety of 
different hormones. According to this theory, first messenger hormones, epinephrine 
and norjernnephrine, influence adenyi cyclase contained at or within cell walls to form 
mrraceUular cyclic AMP from adenosine triphosphate upon receipt of the extra- 
cellular hormone signal. The formed cyclic AMP in turn functions as a second mes- 
senger and stimulates the intracellular functions perculiar to die target cells of the 
hormone. Cyclic AMP has thus been shown to "activate" protein kinases, which in turn 
a^d^po^f oIogical effects w musde contraction, ^ycogenolysis, steriodogeneas 

Cydic AMP is degraded, however in vivo by phosphodiesterase enzymes, which 
catalyze hydrolysis of the cyclic purine nucleotide to S'-adenosine monophosphate 
mth a consent loss of function. It has accordingly been suggested that substituted 
cyclic AMP analogs which are more resistant to phosphodiesterase degradation than 
the naturally occurring cyclic nucleotide might be administered to aid kggine cellular 
processes. Synthetic production of such compounds, however, is quite costlylt would 
advamgeous, therefore, to enhance the beneficial effects of naturally" produced 
cyclic AMP by adnumstermg compounds which are capable of inhibiting the un- 
aesjraole effects of phosphodiesterase enzymes. 

<r J^f^t'J^* 1, ^iradation 37, 279 (1968), suggests that the pharmacological 
effects of theophylline, which has the structure ^ ^ 
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are the result of its ability to inhibit the action of phosphodiesterase enzymes. Theo- 
phylline has thus been employed in lieu of die adenyi cydase^stirnnlafing hormones, 
epinephrine and norepinephrine, as a heart stimulant following cardiac arrest and m 

5 refractory asthma cases as a bronchial dilator. Theophylline, however, does not selec- 5 

tively inhibit phosphodiesterase, but rather gives general stimulation to the central 
nervous system. Accordingly; the use of theophylline can make the recipient nervous 
and irritable and can also create cardiovascular effects, Le 0 rapid beating of the heart. 
By the same token, theophylline is not as potent as phosphodiesterase inhibitor as is 

10 desired and consequently has to be used in larger quantities, which, of course, can 10 * 

further the undesirable effects enumerated above. 

F. L. Rose et al, in articles appearing in /. Chetru Soc 5642 (1963), 3357 
(1965) and 1593 (1969), reported a number of triazdo[23c]pyrirnidines and triazolo- 
[4,3 c] pyrazines (for example, compounds 1 and 2 shown below) which are strucuir- 

15 ally releated to theophylline and capable of protecting animals from histamine-induced 15 

bronchospasm. 

Pursuing an idea that the pharmacological effects of corrmounds 1 and 2 might be the 
result of the same biochemical mechanism as proposed for theophylline, various sub- 

20 stituted-pyrazolo [ 1,5a ] pyriniidines were prepared and found to possess the ability 20 

to inhibit the enzyme 3',5 '-cyclic AMP phosphodiesterase. Further evaluation of these 
compounds has also revealed that many of these phosphodiesterase inhibitors possess 
significant pharmacological properties, particularly in the cardiovascular area. For 
example, 3-bromo~5,7-dmethylpyrazQlo[l^a] pyrimidine and 3-brano-5-methyl-7-w- 

25 propylpyrazolo [ 1,5a] pyrimidine not only are significandy more active than theophyi- 25 
line against various phosphodiesterase enzymes, but also have the ability to produce 
a positive inotropic effect in an anesthetized dog without significandy altering heart 
rate or blood pressure. 

According to the present invention there is provided a compound of the structure 
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wherein Ri is H, alkosycarbonyl, alkyl, carbonitrile, halogen, carbamoyl, acyl, amino- 
methyl, dialkylaminomethyl, nitrp, amino, or acetamido; R 2 is alkyl, Q to Q linear 
or branched chain alkoxy, Cj to Co alkylthio, SH, or alkyl or dialkylamino, cyclic 
amino or substituted amino; Rj is H; and R 4 is H, alkyl, or phenyl; provided that 

35 when R 2 and R« are methyl, Ri is not H or carbethoxy; when R 4 is CHa and R» is 35 
methoxy or erhoxy, R a is not H; and when R 3 is CHs, R 4 and Ri are not both H; 
and when is hydrazine and R* is phenyl, R x is not EL 

Unless otherwise indicated the alkyl substituents preferably contain from 1 to 8 
carbon atoms, more preferably from 1 to 6 carbon atoms, and may be branched or 

40 linear groups. The alkoxy substituents are C, to but preferably Q to Q, linear 40 
or. branched alkoxy groups. Where R z in an alkylthio group, groups having from 1 to 3 
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cartxm atoms are especially preferred. Suitable substituted amino groups arc dialkorv- 
^amino, caiboxyalk^ammo, hydrtrcyalkyiammo, hydJor^^d^aS 

th, ^V^fJ^ *!? fa ^°? ^ ^ f^end prcoriure utilized b"prepiffig 
Sl^f I Lf ,St ^ Ed and . wfll te described » conjunctioa with the schematicC 

^^^^^llL^f 1 ^^^ 3 ^ 2016 (5), 3-amiDAo»moi^k 
(6), and 3^jmmM-mm^yia2de (7). All of these starting materials have beenorevi- 
oudy repotted „ the tone whh me exception ^^XS^aTm, 
prepared m theMowiDg manner. The base catalyzed conStioTof i- 
^J*™ 5 2°*** ^fonnyl^tynmitiile, which wheTtreated 
^^SnS^ e ^r d,i ^ 0nk 3-ammo^-ethylpyrazole (5) as a ctdoriesToiL 
l^SSSS^SSS^ ™on have 

REACTION SCHEME I 




"V 



(1)R » = H (8)R,= R, = CH,;R 1 = H 

(aR.-COOCJi, (9)R 1 = R 4 =CH l ;R 1 =C00C 1 H J 

(3) R 1 = C S N (10) R J =R 4 =CH s ;R iaC3 N 

(4) R, = CONH 2 (1 i) R, = R, = CH,; R, , CH,-NH, 

(5) ^ = 0,^ (l^Ra'R^CH.iR^CONH, 

(13) R J =R 4 = CH,; R, = C,H, 

(14) R, = R 4 = C l H l ;R l = H 

(15) R l =R 4 = C,H 7 ;R 1 = H 

fhlinPi! 6 ^ P 5°^ C £ >r P«Pa««»> «f *e 5,7^iialkyIpyrazo!o[Ua]pyimudii« 
fe^cted in Reaction Scheme L 3-Aminopyrazole (1) and 3-aminoVca*^^ 
WgfcJQgL < ^ km f P^^^one to' provide^TXem^S. 
[MaJpTrraimdaK (8) and the corresponding 3-carbetfaoxy derivative (9V Thfare- 

5£ ^ aBEa ^ d r todudTu^ditio^lSo^sub^d pyroote 
2&JZt J fJ^ft? 6 3 - c T mo ( 10 )> 3-carboxamido (12), aiid limyim ) 
J^V^^T^ 0 f^alpyrimidine. The catalytic reductio?<4 3- 
^rNJ^J 1 ^ 0 ^ P3^in e (10) affords the corresponding 3^ammo- 
K^^ 11 ^ 1 ^ ("J- Additionally, it^aTbeen found 

W *** neptane-3^idione and nnnanSS 
drone affords excellent yields of 5,7-diethylpyrazolo [Ua] pyrhnidine and5 7-dt 
«-IJropylpyia2ofo[UaJpyriinidine (15), re^ectively. Jwramuune 800 



1,412^17 



15 



20 




(16) R, = R, i- CH,; R, = Br 

(17) R,«=R« = CH,;R 1 = C1 

(18) R, = R4 = CH,; R t = I 

(19) R, = R, = CH,; R, = F 

(20) R, = R« = CH,; R, = COCH, 

(21) Rj = R, = CH S ; R t = CH,-N(Ciy , 

(22) R a = R 4 = CH,;R 1 = N0 1 
(2J)R,= R* = CH,;R, = NH, 
<24) R, = R4 = CH,; R, = NHCOCH, 

(25) R^R^CJH.sR.'Br 

(26) R, =■ R, = n-CA; R l = Br 



The 3-mEQbstitnte«,7wfial^^ (8, 14, and 15) rcadfly 

undergo dectrophflic attack at the 3-position as ,^^„ m ,^^, S£ *^"vi^ 
treating* of the 5,7HUaJkyfeyrazolo[Va]^^ or $ ™* 

5 succmimide results in die formation of J-b^5£diallg*^ 

(16, 25, 26). Additionally, it has been found diat ^*™^J^^^/?£ 
Mcdmimide or trim iodine monoduoride results m the formanoal of 4e 3-ddoro (17) 
and the 3-iodo (18) derivatives of 5,7-KiimediyIpyra2olo[l^a] pynmidme. The reaction 
of 5,7^iimediyipyrazdo[Ua]pyriinidine (8) with trifiuoroacetic and and boron m- 
10 UdeS? jeoi found to afford V^h^ri-3-finoro^ymzdo[Wa]K^ 
imtdine (19). Friedel-Crafts acyiation of 5,7-<Umethylpy^o[l^a]pyrmiid^ 
affords la«yl-5,7Hmue*yipy^^ (20) » £^,™Z 

compound 8 is treated with an aqueous solution of dunemylamine and fwmalm sokt- 
tic^,7^!imenwMHihiiemylam^ obtamed. 
Rnallv, nitration of compound 8 affords die expected 5,7Hhmemri-3-iutrqpyrazoto- 
rualpyrmddme (22). Reduction of compound 22 with palladium or diaicoal catalyst 
affords me contending 3-ammo-5,7-dimediylpyrazolo[l,5a] pynmidine (23), which 
when treated with acetic anhydride results m the formation of the 3-aceCumdo deriva- 
tive (24). The site of electrophilic attack at position 3 in these 5,7-dialkylpyrazolo- 
riJalpynniidmes has been proven by the proton magnetic resonance S>ectra, smce i» 
meupSdd proton at 6.60% (which is coupled to the proton at 8.11%; J=0.0O66%) 
fbund^,7dmteu^i>^ (8) is absent m these 3-substrtuted 

derivatives. 
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REACTION SCHEME in 




07) 



0») 







07a)R,~CH,; 








enb)R,-CH,; 


R 4 = C 5 H 7 ;R 1 = 3 H 


* 




(28a)R,= Cyi s ; 


- R« « CH*; Rj = H 






. C»b)R, = o-C,H,; 


R, = CH,; R, fa H 


* 










(2) R l . coocyis 



{29) - Cyi, ; R, = CH,; R, . Br 

(30) R, = n-CjH,; R« = CH S ; R x = Br 

(31) R* - (yi, ; R< = CH 4 ; R t - NO, 

(32) R^» CjHs; R, = CH a ; R l - C00C 2 H 5 

(33) R, = CH,; R, = C 6 H S ; R, - H 
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The condensation of 3-ammopyrazoIe (1) with unsymmetrical ^-dScetiones is shown 
in Reaction Scheme HX The reaction of 3-arrrinopyrazole (1) with hexano-2,4-dione 
affords a mixture of the isomers 27a and 28a. Because of similarity of the physical 
properties of these two isomers, separation is difficult and tor that reason the crude 
isomeric mixture of 27a and 28a was converted into higher trusting derivatives (29) 
and (31), which may; be isolated by column chromatography and fractional recrystal- 
lization techniques. Similarly, condensation, of 3-aminopyrazole (1)" with heptane-2,4- 
dione affords a mixture of the isomers 27b and 28b> which, when treated with N- 
bromosoccimmide, affords 3 - bromo - 5 - methyl - 7 - it - propylpyrazolo [ 1,5a] - 
pyrimidine (30) which is purified by chromatography. The condensation of 3-amino- 
4-carbethoxypyrazole (2) with hexane-2,4-dione results in a mixture of isomeric 
FOTtos; however, 3 - carbethoxy - 7 - ethyl - 5 ■< memylr^razo^ 
(32) has been found to be the predominate isomer. By the same token, condensation 
of l-phenyi-13-butane-dione with 3-ammopyrazole (1) yields an isomeric product 
which may be recrystallized without chromatography to yield 7-memyi-5-phenyi- 
pyrazolo [1,5a] pyrrolidine (33). That this isomer was obtained rather than 5-methyl- 
7>p^ylr^rra2olo[l^a] pyrimidine was demonstrated by comparison of physical data 
(proton magnetic resonance spectra, ultra-violet spectra, and melting; point) with the 
^-^yi isomer that was previously reported by H. Dorn etaL,/. Prak, Chem., 313, 
969 (1971). 
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The stru ct ura l assignment of compounds 29 — 32 is based on the proton magnetic 
resonance spectra of the well separated C 3 and C, methyl signals. It has been demon- 
strated [H. Rrimlinger, Ctem. Ben, 1900 and 3252 (1970}, 2232 and 2237 
(1971)] that in 5,7-<lhnethylpyrakto^ (8) the C, methyi signal, 

5 being adjacent m the bridgehead nitrogen, is deshieided to a greater extent than the 5 

Q methyl signal (adjacent the N 4 nitrogen) and thus occurs at a lower field. The 
ACTgnmpnts are 2^68 tor Q-methyi and 2.73 S for die C^nethyl in deutenxhlorofonn. 
Since the replacement of a longer alkyl chain (eg. ethyl or propyl) for one methyl 
group at either Q or Q would not be expertpd to change the chemical shift of the 

10 remaining methyl group, the 5,metbyi-7-alkyi isomer can be. distinguished from the 10 

7-metbyl-5-aIkyl isomer via pmr (in deuterochlorofonn) and the percentage of each 
isomer hi die isomeric mixture can be estimated from the integrat ion of the signals. 
Similarly, the Q-rnethyl signal occurs at 2.608 and the C^methyi signal at 2.728 
(in deutooehloioloiin) for die pmr of 3-bromo-5,7-^iiinediylpyra2olo [ 1,5a] pyrimidine 

15 (16), thus permitting identification of the separated products 29 and 30 from the 15 

bnnnination (and subsequent chromatography) of the isomeric mixtures 27a and 
28b or 27b and 28b. 

The condensation of 3-ammo*4-subsrinitedr^razote with ^-ketoesters is shown 
in Reaction Scheme IV. Following die procedure described by 7. MaJrisumi, Chem. 

20 Pharnu BidL (Tokyo), 10, 612 and 620 (1962), 3-anunopyrazble (1) was condensed 20 
with acetpaceric ester to obtain 5^nen\yi>7 ^y d i xj gypy xazolo [ 1»Saj pyrhnidine (34) 
which, when treated with phosphorus oxychloride, results in the formation of 7-chloro- 
5-methylpyrazolof 1^5a] pyrimidine (36). These reactions have been extended to 3- 
amiiio-4-ethyipyraWe (5) to afford 3-eu^-74rydroxy-5-meu^ylpyrazolo [ l^ajpyr- 

25 irmdine (35) and me corresponding 7H±laro^-e^yl-5-meuiylpyia2olo [ Oa] - 25 

pyrimidine 36a. The chloro moieties of compounds 36 and 36a are quite susceptible 
to nudeophilic displacement when treated wrtfa various Ttncleophilic reagents. 
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REACTION SCHEME IV 




ra 



(1) R, - H 
OR, - CH, 



(34) R 4 -CH,;R 1 -H 

(35) R, - CH,; R, - CH, 




(37) R, - H; R, - CH,; R, - N(C I H 4 ) 1 06) R« — CM,; R» "■ H 



(39) R» = H; R« = CH,; R, - NH(CH,) T CH, 

(40) R, - H ; R, » CH,; R, - NH-NH,. 

CH, 

(41) R, = H; R, - CH,; R, - NH-N-C 

^CH, 

(42) R t - H; R« - CH,; R, - NH-CH.-C^OH 

(43) R, - H; R, - CH 4 ; R, - NH-CH,-COOH 

(44) R, - H; R, = CH,; R, - OCH,-CH, 

(45) R, - C,H, ; R, - CH,; R, - NH-CH,-CH,-CH, 
<46) R, - C,H, ; R, - CH,; R, = OC^-CHr-CH, 

(47) R, - C,H, ; R, - CH,; R, - SCH,-CH, 

(48) R, - Bi; R, - CH,; R, - NH-CH, -CH,-CH,-CH, 

(49) R, - Br; R, ~ CH,; R, - NH-CH,-CH,(OCH,), 
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The invention will now be further described and illustrated in the following 
Examples (aside from Example I which merely serves to illustrate the preparation of 
one starting material, 3-amiii-4-emylpyrazQle) in which all parts and percentages are 
by weight and all temperatures in degrees Centigrade unless "otherwise indicated 
Melting points were taken on a Thomas-Hoover melting point apparatus and are un- 
corrected. Infra-red and ntifh^r magnetic resonance spectra were determined on a 
Peridn-Bmer 257 grating infra-red spectrophotometer and on a Hitachi Peririn-Elmer 
R— 20A high resolution nuclear magnetic: resonance spectrophotometer, 'respectively. 
(Hitachi is a Registered Trade Mark). Hydrogenaticms were carried out on a Parr 
hydrogenatnr at room temperature and at a starting pressure of 42 lbs/in* of hydrogen. 
All samples displayed a single spot on thin layer chromatography and were analyzed 
by the Heterocyclic rhpmlml Corporation of Harrisonyule, Missouri. Where analyses 
are fa'M'y**d only by symbols of the Hem hits or functions, analytical results o btained 
for those elem ents o r functions were within -±0A% of rhe theoretical values. 

Examples XXV to XXIX relate to the preparation of intermediate derivatives. 

EXAMPLE L 
Preparation of 3*Ammo^ethyIpyrazole (5) 

A suspension of sodium metal [53.0g; 231 formula weights] in 1500 ml of 
anhydrous ether was stirred at 20° while a mixture of ethyl formate [180.Qg; 2.43 
moles] and n^utyronitrile [158.0g; 231 moles] was added dropwise over a period of 
two hours. After me pri<firfon was complete, the mixture was stirred at 20— 25° for 
two days at which time the sodium metal was completely reacted. The reacti on mixture 
was cooled to 10° and neutralized by the dropwise addition of glacial acetic add 
[138.Qg; 231 moles]. The temperature of the mixture during neutralization was main- 
tamed at 10—15°. The solids were separated by filtration and the filtrate evaporated to 
dryness at reduced keeping the temperature below 20°. The resulting crude a-founyl 
n-buiyrxxntrfle was utilized directly for the formation of 3**inino*4-emylpyrazole (7) 
without further purification. 

The crude q^fbrmyi n-butyronitrile was dissolved in 200 ml of cthanol and treated 
with 85% hydrazine hydrate [118g; 2.0 formula weights] and 36 ml of gjacial acetic 
acid. The resulting solution was healed at reflux for two hours and then evaporated 
to dryness. The residual oil was purified by distillation at 02mm (Hg>). The fraction 
that had a boiling point of 120—4° was collected. This fraction weighed 552% (21%) 
and was found to be analytically pure 3-amino-4-elhylpyiazole (7). Analysis corres- 
ponds to that calculated for C^HoN 8 : (QH). 

EXAMPLE 1L 
5-7-DimethyI pyrazolo[l^a]pyrimidine-3<arb^ (10) 

A solution of 725g (0.067 moles) 3^rnmo-4-cyanopyrazole [R.K. Robins, 
JJLCS. 78, 788 (1956)], aixtykcetone [7.00 g (0.07 moles)], p^eridine (10 drops) 
in 100 ml of EtOH was heated at reflux. After reflnxing 6 hrs. the solution was allowed 
to cool slowly, whereupon crystallization occurred. The product, was separated by filtra- 
tion and recrystallized from EtOH to afford 6,00 g. (52%) of analytically pure 
product; mp 165—7°. 

And. corresponds to that calculated for (Q>HiN 4 ) C, H» N. 

IR. (KBr) 2250 cmr 1 (CNF) 

EXAMPLE m. 

3-Amiia>memyl-5,7-^imediyl pyrazdo[l^a]pyrimidme hydrochloride (II) 
To a solution of the carbomtrile product of Example II (1.00 g) in 150 ml of 
EtOH was added 5 ml of HQ (122V) and OJ25g of 10% Pd/C catalyst: The resulting 
mixture was hydrogenated at room temperature for 16 hrs. The mixture was filtered 
through Celite and evaporated to dryness at reduced pressure. (Celifie is a Registered 
Trade Mark). The gummy semi-solid was dissolved in water (25 ml), made basic 
by the addition of NaOH solution (li\H, and extracfrri into CEO* solution, and 
after drying, was chromatographed on basic alumina. Evaporation of the CHCU 
eluant afforded a colorless solid (mp 119—20°) mat rapidly b ec a me colored. The 
hydrochloride of the solid was prepared by dissolving the same in Et»0 and adding 
HQ gas; mp 265—7° (dec). 

And. Corresponds to that calculated for (QH 12 N 4 . HQ) C, H, N. 
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EXAMPLE IV. 
5,7-Dimefhyl pyrazofo[l^a]pyriinidin£-3-<arbasainide (12) 
A mixture of l.OOg (5.7 mmoles) 3-^nrino-4-<arbairu)yipyra^ hamsnlfate 
[RX Robins, JJV.CS. 78, 788 (1956)], acetykcetone [0.60g (6.0 mmoles)], raper- 
idme (1.5g) in 40 ml of EtOH was heated at reflux. After refluxing 16 his. the 5 
solution was allowed to cool. The crystalline product was recrystallized from EtOH 
to yield 0.90g (83%) of analytically pare product; mp 247—8° (dec). 
And. Corresponds to mat calculated for (QHioN.O) C.EN, 
IR. (KBr) 1665 anr 1 (CONH,) 
, NMfb <d,-DMSO) singlets in a ratio of 3:3:1:2:1, with chemical shifts of 10 
2.628 (CH,), 2.755 (CH,), 7.18 and 8.528 (ring protons), and 7508 (broad, NH, 
of amide). 

EXAMPLE V. 

Prepaiatioii of 5,74>imemyI-3-Emyi^^ (13) 
A solution of 3-anaino-4-€A5dpyrazole (1) [L0g; 10 mmoksj, 2,4-«Mtanedi 
[1.0g; 9 mmoles], and 3 drops of piperidine in 5 ml of absolute ethai lqI was heiujc 
at reflux for 12 hours. The resulting solution was evaporated to dryness, sod the 
residual oil was purified by column chromatography on silica gel (5Qg) utilizing a 
• mixture of 30—60° petroleum ether: chloroform (7:3) as the solvent. Evaporation 

2Q of the solvent afforded 1.3g (82%) of analyticaUy pure 5,7-dimemyl-3^ylpyrazolo- 20 
[l>5a]pyrimidine (5) as a coloiless oiL 

AndL Corresponds to that calculated for (C^H^Na) C,H,N 

EXAMPLE VL 
5,7-Diethylpyra^ (14) 
25 This compound was prepared from 6.5 g (0.05 mol) of hepmne-3,5-dione and 

the yield of chromatographed material (white needles, mp. 43 — 44°C from petroleum 25 
ether was 6.3 g (72%). 

And. calcd for C^ ia N»(MW 175): Q 68.54; H, 7.48; N, 23.98; 
Found: Q 68.52; H, 7.58; N, 24.25 
30 NMR(CDO a ) m, 1.4* (both Q-ethyi and Q-ethyi triplets); m, 3.15 (both 

CVedryl and CVethyl quartets); s, 6.588 (Q— H); s, 6.68 (Cr-«) and s, 8.18 
(Cr— H), the latter two protons being coupled with J B ^=1.9 cps. 

EXAMPLE VIL 
5,7-Di-n-propylpyrazdo[l > 5a]r^ (15) 
35 This compound was synthesized from nonane-4,6-dione (15.6 g, 0.10 mole) to 35 

give 17.0 g (84%) of a pale yellow oil, after chromatography. 

tx o ^r^/? < ^*$? W 203 ) : °> 7a93 * N > 20 - 69 ' Found: c 71.16; 
H, 8.25; N, 20.85. b.p. 155— 158°/0. 1Mn 

EXAMPLE VIDL 

40 3-Bromo 5,7-<Imiethyl pyrazoio[l^a]pyrunidine (16) 40 

To a solution of 2.Qg (13.6 mmoles) 5,7-Khmethyl pyrazolo[Ua]pyribio^ [Y. 
Malosmm> Chem. Pharm. BulL (Tokyo) 10, 6H (1962)] in OKI (25 ml) was 
added N^romosucxniumide (NBS) [2.42g (13.6 mmoles)]. This mixtum was heated 
on me steam bath for 10 minutes, and then allowed to cool to room temperature. The 

45 dear yellow solufion was then added to an ice cold solution of potassium hydroxide 45 
(50 ml, 2N) with vigorous stirring. The CHd, layer was dried over Na,S0 o then 
cnromato^apnedOT basic alumina. Evaporation on the CHO, eluant afforded a white 
solid which was further purified by recrystallization from petroleum ether (30—60°} 
to gsve 1.7g (56%) of analytically pure product; mp 115—6°. 

50 And Corresponds to that calculated for (CH^NaBr) Q H, N. 50 

* ~* N 52? (CDClO.four smgl«s in a ration of 3:3:1:1 at 2.608 (CH,), 2,728 (CH*V 
6.628 (H at 6 position), and 8.108 (H at 2 position). Hie specuW of the sWuW 

6.605 (Q—H), and 8.118 (Qr-H) (protons at Q and Q were coupled, J=2.1cps). 

55 EXAMPLE IX. 

3 H±lon>-5 ,7-dimethyl pyra2»lo[l^a]pyrinudine (17) 
In a manner sauflar to the preparation of Example VIII the treatment of 5.7- 
a^tbyl pyrazolo[Ua]pyrinudifle [1.20g (8.15 mmoles)] with N^orosuccinimide 
(NCS) [1.33g (10.0 mmoles)] afforded 963 mg (65%) of analytically pure product: 
60 mp 89—90°. r * 

Aral Corresponds to mat calculated for ( QfleN 8 a) QEN. 
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EXAMPLE X. 
5,7-*iimethyi 3-iodo pyiazofo[l,5a]pyrimidine (18) 
A solution of IQ [5.0g (27 mrnoles)] in CHGU (50 ml) was added to a stirred 
solution of 5,7-dimethyl pyrazolo [ 1,5a] pyriinicune [2J96g (20 mrnoles)] in CELd* 
5 (50 ml). Within a few minutes, the mixture became warm and crystals of the hydro- 5 

chloride salt of the subject compound began to separate.* The mixture was wanned 
on the steam bath for 2—3 min to complete the reaction, and then refrigerated over- 
night The yellow hydrochloride salt was separated by filtration, washed with Et*0, 
and the air dried. The yellow solid, which weighed 4.4g, was dissolved in water 
10 (100 ml) and this solution was made alkaline by the addition of NaOH solution 10 

(2*5*0- The alkaline solution was extracted with CHC5* 3(25 ml), and the CHC3 a 
extracts were dried over Na s S0 4 . The CHC3 a extract was chroinatDgraphed on basic 
alumina, and the GHGU eluant evaporated to dryness. The residue was recrystallized 
from petroleum ether (30—60°) to afford 2.02g (37%) of analytically pure product; 
15 mp 120-2°. 15 
And Corresponds to that calculated fur (CJ3«NJ) C, H, N. 

EXAMPLE XL 
5,7-Dimethyi 3-Fluoro pyrazoto[l,5a]pyrimidire (19) 
A mixture of 5,7-dimethyi pyrazdo[l^a]pyrusddine [1.47g (10 mrnoles)], tri- 
20 fluoroacetic anhydride (2.0 ml), and boron rriflnftride etherate (2.0 ml) in CHaQ, 20 
(30 ml) was heated at reflux for 24 hours. At the end of this time the red solution 
was cooled and added to an ice cold solution of NaOH (30 ml, 22V). The organic 
layer was separated and die alkaline layer ex tra cted with CH 2 Qs 3(20 ml). The 
remhwwl CHgCI 2 extracts were washed with water 2(20 ml) and dried over Na,S0 4 . 
25 The CH 2 Qj extract was evaporated and the residue covered with n-pentane and 25 

rhfllprf The yellow white crystalline plates were spearated by filtration* and recrystal- 
lized from n-heptane to yield and analytically pure product; mp 129 — 30°. 
And Corresponds to that calculated for (GHeNJ 7 ) Q H, N, F. 
NMR (CDCU) four snujjets in a ratio of 3:3:1:1 at 2.558 (OH*), 2.608 (CHs), 
30 6.608 (Hat 6 position) and 8.608 (H at 2 position). 30 

EXAMPLE XIL 
3-Acetyi-5,7-dlmethyl pyrazolo [ 1,5a] pyrinridine (20) 
With good stirring, a solution of SnO« [5.21 g (20 mrnoles)] in CH S C1, (10 ml) 
was added dropwise to a solution of 5,7-dimethyi pyrazolo [l^a]pyrimidine [2.94 g 
35 (20 mrnoles)] and acetyl chloride [1.56 g (20 mrnoles)] in CHsClj, (10 ml). After 35 

the addition was complete, the mixture was heated at reflux for 12 hrs., cooled, and 
then added to dilute HQ (100 ml, 3N). The organic layer was separated and the 
acidic solution extracted with CE£ 2 Cl 2 2(20 ml). The combined CH 2 a t extracts were 
dried over Na 2 S0 4 and evaporated to dryness. The residue was dissolved in benzene 
40 and chroroatographed on basic alumina, and the benzene eluant evaporated to dryness. 40 

Recrystallization of the crystalline residue from a benzene-heptane mixture afforded 
2.32 g (61%) of analytically pure product; mp 179— «0°. 

And Corresponds to that calculated for (QoHuN s O) C, H, N. 

EXAMPLE XHL 

4S 3-Dimethylammomethyl-5,7Kimie^ pyrazolo [l,a]pyrimidine, 45 

dihydrocMoride (21) 
An aqueous solution of dimethyiamine (4.0 ml, 40%) was added slowly to 
HO Ac (4.5 ml) keeping the temperature below 10°. After the addition was complete, 
formalin solution (3.0 ml, 37%) was added to the solution. The resulting solution 

50 was allowed to stir for 20 min., and then 5,7-dimethyl pyra^o[l,5a]pyriinidine 50 
[2.0 g (13.6 mrnoles)] was added in small portions. The resulting mixture was men 
stirred at roam temperature for 12 hrs. and then added to cold NaOH solution (50 ml, 
2.5 AO- This basic mixture was then extracted with CHQs 3(50 ml), and the 
combined CHCU extracts were dried over Na 2 S0 o and evaporated to dryness. The 

cc resulting oil, which did not solidify, was dissolved in Et 2 0 and the dihydrochloride 55 

salt of the product was precipitated by adding HQ gas. This crude product was 
purified by recrystallization from EtOH— EtOAc to obtain an analytically pure product; 
mp 194—5°. 

And. Corresponds to that calculated for (C^H^H, . 2HQ) Q H, N. 
60 NMR (free amine, CDO,) seven singlets in a ratio of 3:3:3:3:2:1:1 at 22l$> 60 

2.308 (N— CHa groups), 2.59S, 2.728 (CH»), 3.70S (CH a ) 6 .59 (H at 6 position), 
and 8.108 (H at 2 position). 
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EXAMPLE XIV. — 
5J-DimctfiyW-futn> pyrazobfl^ajpyrimidinc (22) 

tr co ,7 ^f^^?^ ll ^ alp ^^ f 1 - 0 8 ( 6 - 8 was dissolved in 

HSO, (10 ml) keeping the tonperature below 5°. Fuming HNO» [4 ml; st* gr 1 51 
was added dropwise to the odd H,SO< solution, with good stirring. The temperature 
airring tins addition was nmaained below 10°. After the addition was complete the 
solution was stared at room temperature for 45min. and then added to 100 g of ice. 
Tte precipitated product was separated by filtration, washed well with H.O; and 
dned. Recrystalhzation from OfcOH afforded 0.75 g (57%) of analytically pure 
product; mp 156—7°. 

AnaL Corresponds to that calculated for CsH*N 4 O s ) C, H, N. 
„ (CDO.) singlets in a ratio of 3:3:1:1 at 2.808 (CH*), 2.858 (CH*), 

7.048 (H at 6 position), and 8.768 (H at 2 position). . V 

EXAMPLE XV. 
3*Ainuio-5,7-diinethyi pyrazolo[ 1,5a] p yrimid ine (23) 
• To a solution of the mtro derivative of Example XXII [5.0 g (26 mmoles)! m 
EtOH (50 ml) was added HOAc (5 ml) and 0.25 g of 10% Pd/C catalyst The 
iesdttng mixture was hydrogenated at room temperature for 16 hours. The mixture 
was filtered through Celite and evaporated to dryness at reduced pressure. The oil 
readuewas dissolved in water (100 ml), made basic with NH.OH, and then extracted 
into CHO, 3(35 ml). The combined CHO* extracts were dried over Na 2 S0 4 , and 
chromatographod on basic alirrmna. Evaporation of the CHd 3 duant afforded 2.7 s 
(64%) of red crystalline product; mp 133—5° (dec). 

AnaL Corresponds to that calculated for (QH 10 N 4 ) QH»N. 

EXAMPLE XVL 
3-Acetairtt^o-5,7Hiimethyl r^razolo[Ua]pyrintidine (24) 
A solution of the 3-amino derivative of Example XV [2.6 g (16 mmoks)] in 
A^O (50 ml) was heated on the steam bath for ten minutes and then allowed to cool 
to room ternperature. The crystalline product was separated by filtration, washed with 
HaO and dried. Reoystallization from H»0 afforded 2.6 g (80%) of analytically 
pure product; mp 175—6°. * V /o ' 

AnaL Corresponds to that calculated for (C^H^N^O) C»H,N. 

EXAMPLE XVH 
3-BromoH5,7^ediyir^ra2olo [ 1,5a] r^nrumdine (25) 
This conroound was prepared by braniinatictt of 1.75 g (0.01 mole) of thedialkyi 
cojnrxwnd. Chromatography on basic alumina with chloroform gave 2.0 g (79%) of 
white needles, m.p. 64 — 65°C ' 

Founft 4tS ; tSSf a?"' 254)1 Q N > 1653 - 

» ,„, N ^ VP 0 *) k l i 5 i and * 1438 Q- and C^emyi); q, 2.988 and q, 
3.108 fejm Q. and Crethyl); s, 6.63S (C»-H) and a, 8^88 integration 
3:3:2:2:1:1. No coupling was observed for singlets at 6.638 and 8.088. 

EXAMPLE XVIII. 
3-Bnm>-5,7^-n^p)dpyiazolo[l^a]pyriim'dine (26) 
inis compound was prepared by brominating 4.06 g (0.02 mol) of the 5,7-di-n- 
propyl parent compound to yield 3.5 g (62%) of white needles, m.p. 66— 67°C after 
chromatography on basic alumina (chloiofonn) and reoysiallization from petroleum 

FounSt S;t^N^/.l ( l MW 282)1 Q 51065 *> 5 67 > N > 14 - 89 ' 
. „ EXAMPLE XIX. 

5-MemyI(emyl)-7^yi(inemyl)pyrazoto^^ (27a & 28a) 

The compound was prepared, as described above, from 3-aminopyrazole f 8 3 e\ 
and hexane-2,4-dione (11.4 g) in ethanol with a catalytic amount of piperidine.' The 
product was isolated as a colorless oil (14.0 g, 87% yield) via chromatography on 
basic alumina with benzene. 03, b.p. 173— 17770.1mm. Mass spectrum m/= 161 

Found: Q 66.88; H, 6.94; N, 26.22. 
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NMR (CDOs) indicated two isomers, 5^yl-7-m£tfayi and 5-methyl-7-ethyi, 
with the ^rnntnant (6535) being the latter isomer: m, 1.45 (two triplets from the 5- 
eth\d and die 7-ethyI), m, 3.18 (two quartets from the 5-ethyi and the 7-ethyi), s, 
2.568 (CV-CH*) and s, 2J38 (CV-CH,), s, 6.588 (Q—H) and coupled s, 6.608 
5 (Qr-H) with coupled s, 8.118 (Cr-H) and J M =1.9 cps. 5 

EXAMPLE XX. 

5-Methyl(i^pn^yi)-7H^propyl(n^5d)pyrazQlo [ 1,5a] pyrimidine (27b & 28b) 
This compound was prepared from heptane-2,4-dione (8.2 g> 0.064 mole) and 
the dominant isomer was found to be the 5-methyl-7-n~propyL Yield: 15 g mixed 
10 isomers (86%) colorless, semisolid, mp 40-^5°, b.p. 165— 169°/ai mm. Mass 10 
spectrum M+=175. 

And calcd for QJHuN^MW 175): Q 68 .54; H, 7.48; N, 23.98. 
Found: Q 6831; H, 7-56; N, 23.79. 

NMR (CDCU) m, L2S (Q, Q-propyi); m, L88 (Q, Cr-propyi); m* 3.08 
15 (Cs, Cr-propyl); s, 2.588 (Qr-CH,) and s, 2.728 (CV-CHs); s, 6.588 (Q— H) and « 
coupled s, 6.638 (CV^H) with coupled s, 8.108 (Qr-H) Ja,,=L9 cps. 

EXAMPLE XXL 
3-Bramo-7-^drjd-5-met hylpy ra2olo [ 1,5a] pyrimidine (29) 
This compound was prepared from 2.68 (0.063 mole) of the isomeric mixture of 
20 (Halkyi compound to yield 2*5 g (64%) of the pure 7-ethyI-5-methyi isomer, nxp. 20 
78— 79°C 

AndL QAol for QftoNaBr (MW 240): C, 45.00; H, 4.16; N, 17.5a 
Found: Q 44.79; H, 438; N, 17.40. 

NMR (CDO,) t, 1.438 (ethyl); s, 2.68 (Q-CHa); q, 3.108 (ethyi); s> 6.638 
25 (<V-H); s, 8.108 (Cr-ff), . 25 

The establishment of the isomer which was isolated, is based on the nmr data 
of 34Homo^5,7-dimethylpyiazofo [ 1,5a] pyrimidine, which consist of methyl peaks at 
2.608 and at 2.728. The peak at 2.608 is attributed to die Q— CH*, Le., die methyf 
group closest to the N 4 Hiitrogen not involved in the bridgehead. The peak at 2.728 
30 is attributed to the C^^-CH*, Le., the methyl group closest to the bridgehead nitrogen 30 
by virtue of its greater deshielding effect, winch is in accord with similar studies by 
other authors [Y. Makisumi, et al, Ckenu Phornu BidL, 12, 204 (1964)]. 

EXAMPLE XXIL 
3-bTomo-5-methyj-7^-propylpyiazol& [ 1,5a] pyrimidine (30) 
35 This compound was prepared from 1.75 g (0.01 mole) of the 5,7ndialkyi com- 35 

pound (mixed isomers), which was purified by chromatography on basic alumina 
with chloroform. A colorless oil was obtained and this soon solidified to white crystals, 
which upon recrystaUization from benzen&i>earoleum ether (1:25) gave white needles, 
mp. 88— 89°Q 1.20 g (48%). 
40 And. calcd for C^HuNaBr (MW 254): Q 47.24; H, 4.72; N, 16.53. 40 

Found: C, 4730; H, 4.81; N, 16.60. 

NMR (CDOa) t, 1.058 (propyl); m, 1.88 (propyl); s, 2.648 (O-CH,); t, 
3.108 (propyl); s, 6.598 (Qr-H); s, 8.058 (Cg— H). 

EXAMPLE XXIH. 

45 7-EthyI-5-methyI-3-nitiopy^ (31) 45 

Concentrated sulfuric add (10 ml, sp. gr. 1.94) was cooled via ice bath and 
3.2 g (0.02 mole) of the isomeric 7-(5)-ethyi-5(7)-methyi compound was cautiously 
added, with stirring. When die temperature remained at + 15 °C, concentrated nitric 
acid (7 ml, sp. gr. 1.35) was added dropwise, maintaining the temperature at + 15°C 

50 throughout the addition. Then the solution was allowed to warm to room temperature 
and stirring was continued for 15—20 hours (overnight). The yellow solution was 
then cautiously poured over 200 g of ice, with stirring and the product precipitated. 
Filtration was difficult, so die product was extracted from the aqueous phase with 
methylene chloride (100 ml) and the organic layer was washed with water (100 ml) 

*5 and dried (Na*S0 4 ). Evaporation of the solvent yielded a dark semi-solid, fraction- 55 
ally recrystallized several times from methanol water to give 1.30 g of the pure 
7-ethyi-5-methyi-3-nitro isomer, yellow needles, m.p. 127 — 128°C 

And calcd for Qja 10 N,O t (MW 206): C, 52.42; H, 4.85; N, 27.18. 
Found: C, 52.45; H, 5.11; N, 27.11. 

60 NMR (DMSO-de) t^ 1.408 ((Vethyi); s, 2.708 (Omethyi); q, 3.28 (Q- 60 

ethyl); s, 7358 (C— H); s, 8.988 (C— H). 
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EXAMPLE XXIV, 
3-Cari>oethoxy-7-^diyi-5-mediylpyra2oIo [ 1,5a ] pyrimidine (32) 
This compound was prepared by refusing 3.15 g (0.02 mole) of 3Hunino-4- 
CMbetho^ypyrazol^ [C C Cheng, /. Ret Chenu, 5, (1968) and J. Druey, P. Schmidt, 
Cten. /ttit, 53 10262e] and 23 g (0.02 mole) of hexane^, 4-dicme in ethanol 
(20 ml) with a catalytic amount of piperidine (2 drops) for 15—20 hours. The 
solvent was removed by distillation at reduced pressure (water aspirator) and the 
colorless ofl remaining, was triturated with ether-pentane, the solvent decanted, and 
10 T? m ? Iuble A ofl UP chloroform and chrornatographed on basic almnba with 
ctuorofoxm. A colorless oil was obtained on evaporation of the solvent and upon 
mturation with petroleum ether (30-60°) and fee bath cooling, white crystals. m£ 
33— were obtained The nmr spectrum (CDCU) indicated that both^somers 
were present, as suspected from the low, broad range of the melting point Reayscal- 
uzaaon several t^ from benzene gave 13 gm of the 7-eo^-5-methyi isomer, free 
15 of the 7-mediyi-5-ethyi isomer, m.p. 67— 68°G * 
Anal cated for WA (MW 253)r Q, 6L78; H> 6.48; N, 18.02. 
Found: Q 61.95; H, 6.60; N, 18.23. 

.J™ (^PS*^ 1-43 (both terminal OS, of ethyl group and ethyl ester super- 
ng°g); * 2.7* (Q—CH»); q, 4.458 (ethyl ester)^ s, 6J758 ((;4H); h 7m 

EXAMPLE XXV. 
7-Methyi-5-{Aenylpyra2olo [ 1,5a ] pyrimidine (33) 
This compound was prepared from l-phenyibutane-l^-dione (8.1 g, 0.05 mol) 
in the usual manner, to give a crude product which was dnomatographed on basic 
alumrna wall eiher-dilorofbnn (9:2) yidding white plates, 13 c (12.7°/^ mo 9* 
70-71- ^^^^ petroleum ether. This product %*k dei^Stiared 
to be me pure 7-methyi-5-phenyI isomer by nmr. 

FounTQ^f^ 

(C^S) J^HT^t Patteni) and coupled s, 8.(08 

EXAMPLE XXVI. 
5-Medryi-7^yd^xypyr^ (34) 
35 a ™* eraiuxnind prepared from 3-armnopyrazole (1) and ethykcetoacetate, 35 

retiuxmg in ethanol with a catalytic amount of piperidine, in the same method as 
described by Y. Makisumi [Chenu and Pharm. Bull. Japan, 10, 612 (1962)1. Yield: 
80%, white powder, m.p, 297-298°C (lit298°C). 

EXAMPLE XXVH 

W 3-Ethyi-7-hydro^5-methyipyrazolo [ 1,5a] pyrimidine (35) 40 

A solution of ethyl acetoacetate [14.6 g (0.112 moles)] and 3-arnino-4-ethyi- 
pyrazole (compound 5) [I2.0g; 0.108 moles] was stirred at room temperature for 
10 minutes and then, diluted by adding 100 ml of gjacial acetic add. The resulting 
mixture was stirred and heated at reflux for 3 hours and then allowed to cool to room 

45 temperature. The mixture was added to 200 ml of ethyl acetate and the products 45 
separated by filtration. The solid products were separated by filtration and purified 
by recrystallization from aqueous ethanol to afford 14.7 g (77%), the ana&tically 
pure product that had a mdting point of 290—2°. 

AitaL Corresponds, to that calc'd for ((^HuN^O,) Q H, N. 

50 EXAMPLE XXVIH. 50 

5-Methyi-7-cnloropyrazolo [ 1,5a] pyrimidine (36) 
This compound was prepared from the corresponding 7-hydroxy derivative in 
refluxing phosphorus oxychloride, in the prescribed manner of Y. Makisumi (ibid) 
The product was purified by sublimation and recrystallization from petroleum ether. 
55 Yidd: 20% on a large scale (0.5 mole) chlorination, colorless needles with a musty 55 
odor, m.p. 39~40°C (lit 40°C). 

EXAMPLE XXIX. 
7-<]Woro-3-ethyl-5-methylpyrazolo [ 1,5a] pyrimidine (36a) 
A suspension of 3^yi-7-hydroxy-5-methyi-pyrazolo [ 1,5a] pyrimidine (35) 
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[8.85 g (50 mmoles)] and 10 ml of NJ^-dimediylaniline in 100 ml of phosphorous 
oxychloride was stirred and heated at reflux for 1 hoar. At the end of this time, the 
excess phosphorous oxychloride was removed in vacua, utilizing die steam bath as the 
source of heat. The residual syrup was added slowly with good stirring to 200g of 
5 crushed ice. The resulting solution was extracted with absolute ether 3(150 ml), and 5 
the combined etfaeral extracts were washed with sodium bicarbonate solution 3(100 
ml) and then with water (100 ml). The etheral extract was dried over anhydrous 
sodium sulfate and then evaporated to dryness, The resulting crude chloro derivative 
were purified by recrystallization from n-heptane and then by vacuum sublimation at 
10 120—140° (0.1ram) to afford 8.6 g (90%) of analytically pure product that had a 10 
mrfting point of 61—2°. 

And. Corresponds to that calc'd (Oft^C!) N. 

EXAMPLE XXX. 
7-Diethylamhio-5-niethyipyra2olo [ 1,5a] pyrirnidine (37) 
15 This compound was prepared from 840 mg (0.005 mole) of the 7-chloro com- 15 

pound (36) and 730 mg (0.010 mole) of diethyinmine. The product was isolated in 
the usual manner to yield 700 mg (69%) yellowish plates, m.p. 75— 77°C from 
inetfaanol-water. 

Anal Calcd for QAJNt (MW 204*27) Q 64.67; H, 7.90; N, 27.43. 
20 Found: C, 64.31; H, 8,05; N, 27.22. 20 

EXAMPLE XXXL 
5-Methyi-7-piperidiriopyrazd (38) 
This compound was prepared from 840 mg (0.005 mole) of the 7-chloro 
precursor (36) and 840 mg (0.010 mole) pir*ridine to yield 840 mg (78% yield) 
25 ivory colored platelets, in.p. 78^-79°C from ethanol-water 25 
Anal Calcd for QJEIuN, (MW 216J28) Q 66.64; H, 7.46; N, 25-91. 
Found: C, 66.93; H, 7.52; N,26.14. 

Mass Spectrum M+=216 UV (MeOH) X max (log -max) at 225 (4.50), 2.80* 

(3.64), 290* (3.73), 320 (3.94) m*. 

30 r ' EXAMPLE XXXTL 30 

5-Methyl-7^0ctyiamh»pyiazolo[^ (39) 
This compound was prepared from 840 mg (0.005 mole) of the analogous 7- 
cMoro-5-methyi compound (36) and 130 g (0.010 mole) of n-ootylamine to yield 
255 ttig (33%) white platelets, rrtp. 48— 50°C 
35 Anal Sled for QAM (MW 260.37) Q 69.19; H, 9.29; N, 21.52. 35 

Found: C, 69.28; H, 931; N, 2L7L 

EXAMPLE XXXHL 
7-Hydrazmo-5-methyipy^ (40) 
This compound was prepared from 1.0 g of the 7-chloro derivative (36), which 
40 was refused in 30 ml ethanol containing 6 ml of 85% hydrazine hydrate. After 2 40 
hours of reflux, the solution was concentrated to 10 ml (rotovap) whereupon the 
product separated as crystals. The material was washed with 5 ml cold ethanol to 
yield 420 mg of white plates, m.p. 228—230° dec An analyticalproduct was recrystal- 
lized from ethanoL 

45 Anal Calcd for CAN* (MW 163.16) C, 51.50; H, 5.57; N, 42.92. 45 

Found: C, 51.55; H, 5.61; N, 43.20. 

NMR (d.-DMSO) s, 2.44$ (CH^-CHa); s, 4.72« (hydrazino NH); 2, 6.268 
coupled (Cs — H) to s, 8.038 (Q— H); s, 6338 (Q— H); broad s, 8.828 (hydrazino 
NH). GoupHng constant J^—ZS cps. 

50 EXAMPLE XXXIV. 50 

7- (2-N^'-Isopropyiidenehydiazko-5-methyip [ 1,5a] pyrirnidine (41) 
A mixture of 1.1 g of the corresponding 7-hydrazino compound (40), 100 ml 
reagent grade acetone, and 20 ml of ethanolic hydrogen chloride was refluxed for 4 
hours. Upon cooling, the insoluble material was filtered off and recrystallized from 
55 ethanol, m.p.257--258 0 C (yield 20%). 55 
Anal Calcd for QA^d (MW 442.5) hernihydrocMoride Q 54.23; H, 6.10; 
. N, 31.63; a, 8.02. 
Found: Q 54.01; H, 632; N, 3L44; Q, 7.86. 

NMR (mfiuoroacetjc add): s, 2J88 (Cs— H); s, 2.888 

* shoulder 
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CHt 

(N=</ ); 
\ 

CHj 

s, 7.<5S (<V-H) coupled to s, 8.68 (Cr-H)j s, 7.28 (C<-H). ^,=2.5 cp& 

_ ' _ - L EXAMPLE XXXV. 

/-B-Hydroxyethjdamino-5-methyIpyrazolo [ L^5a] pyrimidine (42) 

coJSrf ^^J2 S J H 9? red ^ 3000 »4 Se^n^oSL 7-chl<m> 
confound (36X, reflmed .for 3 boms m 10 ml ethanol containing 100 mHf 2-amino- 

to % 8.058 (Cr-«)j taoad % 73$ (G ^ ) ' * &3M (<*-H) coupled 

15 EXAMPLE XXXVL 

a™ N-P-in^lpyrazolofUaJpyrimid^r-yll glycine (43) 
niJ^Sftn £ I 7E BSOT 1 3 9 ^ d^dfaW mTof ethanol and 

SSum^SJ^^t^^f (1 L nm J^ ^Ived in an aqueous solution of 200 mg 

£l2£? » P™?** 200 mg of white platelets. IteiyaaEa^^ dniS 20 
foimamubMnedianal gave crystals with mop. 305— 305J° dec ^ 

;F<^rl^of^8^?« Q ^ 4,89^,27.17. 

25 a _ „ EXAMPLE XXXVH. 

a ^^-f^-^^yl-J-n-propylaniinopyiazdofl^a]^^ (45) „ 
« JL^f 1 °f 7 -^^ 3 ^-5-nied^-pyia2olo[Ua]p^dine V?/) [0585 e. 
SiS^L^S^ 10 ^ ^ 3S g; 6 . mmoIes J fa » ndJateohne effl I was 

4«si. Corresponds to that calcd for (CA^J.) c, h, >I. 
, Rll .. EXAMPLE XXXVm. 

flSn! ^SU^ * C 7 ^^^-5-"^K^o[L5^p^a^7t 
Kin? for 1 ^-Z^ ^8 sdriedTrooi ten! 

i4iwi Corresponds to that calcd for (CHxtN.O) C, H, N. 45 

EXAMPLE XXXDL 
i^o„^"5^"J'^^ 5 " ine, ^ 1 W razdt> pyrumdines (47) 

m vacuo at 25 C The residue was extracted with boiling 60-90° petreleuiHther 
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3(10 ml), and the combined extracts were evaporated to yield erode 3-ethyl-7-ediyi- 
thio-S-mediyipyrazolo [ Va] pyrimidine (47). The produce was purified by column 
chromatography on siHca gel (100g), utilizing a solvent system of 60—90° petroleum 
ether: ethyl acetate (9:1) to yield the analytically pure product that was isolated as 

m Anal Corresponds to that calcd for (Qja a5 N 8 S) QH.N. 

EXAMPLE XL. 
3-Bromc-7-n4ratyIam^5-r^^ (48) 
The 7 - n - butyiamino - 5 - memylpyrazolo [ 1,5a] pyrimidine was prepared from 

I. 68 g (0.01 mole) of the corresponding 7-<nloro-5-methyi compound and L46 g 
(0.02 mole) n-butyianune, and the oil obtained on work-up was utilized for bromina- 
tion without further identification (other than spectra). The brommation procedure 
was the same as that employed for the 5,7-diaIkylpyrazolo [1,5a] pyrimidines and 
upon work-up in the usual manner, with recrystallization from ether-petroleum ether, 
the 3-bromo compound was obtained as white platelets, m.p. 99— 100°Q 1.41 g 
(50°/ ) 

JbuL Calcd for CuHx^O»Br (MW 315.21) C, 41.90; H, 4.76; N, 17.77; 
Br, 2539. 

Found: Q 42J6; H, 4.85; N, 17.92; Br, 25.1L 

NMR (CDCU) exhibits peaks at s, 2.588 (Qr-CHO; s, 5.875 (Qr-H); s, 20 
7328 (Q— H). 

EXAMPLE XLL 

3-Bromo-7- (2^nlimeiii03yemylam [ l*5a] pyrmridine (49) 

This compound was prepared in a manner similar to that of the preceding 
compound, by reacting the 7-cMoro-5-methyl derivative (1.68 g, 0.01 mole) with 25 
aminoacetaldehyde dimethyiacetal (23 & 0.021 mole) in ethanol, isolating the liquid 
7-(2^ / Kmnethco£yemylarttino) d er iv a t i ve and brominafing the oil with N-bromo- 
succinimide (L78 & 0.01 mole) in 50 ml chloroform and isolating the product as in 
the preceding example. Recrystallization of the chromatographed solid (chloroform 
on Merck basic alumina) gave pale ivory colored- cubettes, 25 g, (79%), m.pw 134 — 30 
135°C from petroleum ether (MERCK is a Registered Trade Mark). 

AndL Calcd for CuH 15 N 4 0 2 Br (MW 315.21) Q, 4L90; H, 4.76; N, 17.77; 
Br, 2539. 

Found: C, 42.16; H, 4.85; N, 1752; Br, 25.1L 

NMR (CDO,) exhibits peaks at s, 2.58S (Q—CHi); s, 5.87S (C.—K); s, 
7.925 (Cr-H). 

EXAMPLE XLEL 

The compounds of the invention were tested for inhibition of phosphodiesterase 
by the following rKocedure. ji _ 

3%5'-Cyciic-AMP phosphodiesterase (FDE) was isolated and purified from three 40 
different tissues in the following manner. Homogenates of rabbit kidney, rabbit lung 
and beef heart are made in sucrose-Tns-magnesium buffer and are subjected to 
centrifugation at low speed to remove nuclei and cell debris. The supernatants are 
then cenrriraged at 105,000 x g for 30 rninutes, and the 105,000 x g supernatants 
are then fractionated using (NH 4 ) 2 SO«. The precipitation which forms at 0—30% 45 
saturation is collected by centrifugation at 20,000 x & dissolved in Tris-magnesium 
buffer, and dialyzed overnight against the same buffer. A second (NH 4 ) 2 S0 4 fraction 
& obtained by raising the concentration of the first supernatant to 50%. These two 
(NH 4 ),SO« fractions as well as the supernatant from the 30—50% cut were then 
assayed for PDE activity using the method of Appleman, Biocherru 10, 311 (1971). 50 
The first fraction obtained from both kidney and lung tissue contains a PDE with 
low affinity for 3',5'-c-AMP (high Km). The second fraction exhibits a bisphasic 
curve when the Lineweaver-Burk method of analysis is used. This indicates either 
the presence of two separate enzymes, one having a high and the other a low affinity 
for C— AMP, or one protein with two separate sites. Appleman, supra, indicates that 55 
extracts of brain yield two separate enzymes (a high Km and a low Km) which can 
be separated by sepharose gel chromatography. 

The inhibitory studies reported in Tables I and II were performed with the low 
affinity (Fraction \ higfc Km) enzyme obtained from rabbit kidney or rabbit lung. 
The studies reported in Tables III— VI were performed with the high affinity (Fraction 60 

II, low Km) enzyme obtained from rabbit lung or kidney and beef heart t$ 0 values 
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were ^cukted in some instances from a plot of long I vs. percent I in experiments 
m **Hch inhibitDT concentration is varied over a wide range, at a constant 3'J'-cydic 
AMP concentration of approximately 5 X 10^M (Tables I and II) or 1.6 X l(f r Af 
(TabJes m and TV). The relative huubkory activity of each compound as compared 
with theophylline is expressed as an a value. This value is obtained by dmdinff&T L 
value obtained for the particular compound being evaluated 

In most instances, * values were calculated from an inMbition study performed 
with a single concentration of test compound as long as the inhibition produced by that 
concenmmon was from 20—80%. In this instance an a value was calculated as 

concentration of trieophyiline giving (X%) inhibition 
concentration of text substance giving the same (X%) inhibition 

Ths validity of this method has been checked by comparing « values obtained by 
(1) measurements at a single concentration of inhibitor and (2) measurements at 
four concentrations of inhibitor (I« 0 determinations), a values compared in this way 
have been found to agree to within 10% of each other. 

The basic incubation mixture contained the following substances (amounts in 
^undes): a H-cAMP (specific activity -2,180 crnp/pmole), .00016; Tris pH 7.5, 40; 
MgUa, 0.5; Enzyme (cAMPphosr&odiesaerase), 5—50 fig protein; and 10~* to 10~* 
molar concentration of the inhibitDr; incubation time 10 minutes at 30°C At the 
end of incubation, the mixtures are heated to 90°C for 2 minutes and 100 ftg of 
snake venom phosphodiesterase from Gcotalus atrox was added and the tubes incubated 
for 10 minutes at 30 Q C The mixture was then cooled and 1 ml of Dowex 1— 2X, 
200-^KX) mesh suspension, prepared by mi xing 1 00 g of the resin in 200 G H* O, was 
added and <he mixture centrtfuged. (DOWEX is a Registered Trade Mark) An 
aliquot of the supernatant was used to determine counts per mtonte using a liquid 
scintillation spectrometer. Zero time values, were obtained using incubations in which 
the cAMP phosphodiesterase was omitted from the first incubation. 



TABLE I 



Inhibition of 3 5 '-Cyclic AMP 
Phosphodiesterase (PDE) 
Isolated from Rabbit Kidney 




L 0 (theophylline) 
IM1 





I,o IM} 


I50 (theophyl- 
line) M 


I 5 .(cpinoound) 
[Ml 


H* 


8 x i<r 4 


1.6 x hp 4 


0.20 


COOCJH,* 


1 xio-* 


2.2 x nr 4 


0.22 


COMPOUND J* 


1.6 x i<r* 


2.2 x io- 4 


0.14 


CN 


2.5 xlO" 4 


. 2.2 x 10- 4 


0.88 


CONH 2 


3.4 x 1(T 4 


2.2 x ur 4 


0.65 


CHjNHa 


6 x 10~ 8 


2.2 x HT 4 


0.04 


Br 


1.0 x IQT 4 - 


2.2 x NT 4 


2.20 


CI 


2.4 x 10^ 


3.2 x lO" 4 


1.33 


I 


1.3 x KT 4 


1.6 x lO" 4 


1.23 


COCHs 


2.8 x ID" 4 


1.6 x l(r 4 


0.57 


Cry4(CH,) 2 


4.3 x 10~ 4 


2.6 x 10- 4 


0.61 


N0 2 


1.3 x 


2.2 x MT 4 


0.17 


NH 2 


2.5 xlO- 8 - 


2.2 x lO" 4 


0.09 


NHCOCH3 


6 x 10"* 


2.2 x 10" 4 


0.04 



*For comparison only. 



19 



1,412^17 



19 



TABLE n 

Inhibition of 3', 5 '^Cyclic AMP Phosphodiesterase 
(PDE) Isolated from Rabbit Lung 




CH3 

i S0 CTheophyl- 
line) [M] 





I s „[Ml 


I 80 (Theophyl- 
line) {m] 


I5. 0 (CotBDound) 


H* 


2.0 x 10"* 


6.4 x 10*^ 


0.32 


CN 


.9.5X10-* 


6.5 x iO"" 


0.68 


CONH, 


2.0 x 10- 1 


6.5 x IO" 4 


0.32 


Br 


2.7 x io- 4 


6.4 x IO" 4 


2.4 


CI 


2.1 x 10-* 


6.5x10- 


3.1 


I 


2.1 x 10"* 


7.4 x IO" 4 


3.5 


COCH, 


5.0 x lO" 4 


714 x 10- 


1.5 


CHjWCH,), 


1.3 x 10"' 


7.4 x Mr" 


0.57 



*For comparison only. 
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TABLE EH 

5,7-dialkyl-3-substituted pyrazololl,5a]pyriniidines 




"2 





R, 


R, 


a Long 


a Heart 


CH» • 


CH, 


H* 


0.3 


0.2 


CH, 


CH, 


COOEt* 


0.6 


0.4 


CH, 


CH, 


CONH, 


0.5 


0.4 


CH 3 


CH, 


CHjNH, 






CH, 


CH, 


Br 


0.7 


1.7 


CH, 


CH, 


CI 


2.2 


1.7 


CH, 


CH, 


I 


3.5 


1.5 


CH, 


CH, 


COOCH, 


1.0 


0.4 


CH, 


CH, 


GHjl(CHJ a 


0.3 


0.3 


CH, 


CH, 


NO, 


0.4 


0.2 


CH, 


CH, 


NH, 






CH, 


CH, 


NHCOCH, 


0.1 


0.1 


CH, 


CH, 


C.H, 


2.2 




CH, 


CH,-CH 2 -CH 3 


H 


2.1 


1.1 


CH, 


-CH.-CHj-CH, 


Br 


7.5 


6.5 


01,-01, 


-CH,-CK, 


H 


3.0 


1.1 


CH, 


— CH, — CH, 


COOC,H s 


1.5 


0.5 


CH 2 -CH, 


CHj-Ol, 


Br 


7.4 


6.0 


CH^-CH,-CH, 


-CH,-CH,-CH, 


Br 


5.5 


3.0 


CH, 


CHj-CH, 


Br 


7.5 


4.0 


CH, 


CH,— CH, 


NO, 


2.5 


0.5 


ca 


CH, 


H 


3.4 


2.4 


CH,-CH,-CH, 


CHj-CHj-CH, 


H 







* For comparison only. 
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TABLE IV 

5-Alky W,7-disubstituted pyrazolo[l,5a] pyrimidiaes 








Ri 


PDE aLung 


PDEaHeart 


CH, 


NH-CH,-CH,-CH, 


CA 


9.4 




CH, 


0-CH,-CH,-CH, 


CA 


5.4 




CH, 


S-CHj-CH, 




8.9 




CH, 


NH-CH,— CHj-CH,— CH, 


Br 


1.5 


6.0 


CH, 


NH-CH,-CH,(QCH^ 1 


Br 


6.8 


4.5 


CH, 


N(CJH,)2 


H 


3.2 


1.7 


CH, 


-O 

w 


H 


2.4 


1.5 


CH, 


NH(CH),-CH, 


H 


9.0 


3.0 


CH, 


NH-NH, 


H 


1.5 


0.5 


CH, 


.,CH, 

-NH N«C 


H 






CH, 


NH-~CH a -CH 2 0H 


H 


0.5 


3.7 


CH, 


NH--CH 2 -C00H 


H 


0.2 


2.1 


CH, 


-0-CH,-CH 3 * 


H 


1.4 


1.0 



* For comparison only. 

The results shown in the foregoing Tables indicate that several of the cormwunds 
of this invention are several times more effective as inhibitors of phosphodiesterase 
enzyme than dieophylline* By the same token, the results indicate that these compomids 
are capable of selective inhibition. It should also be noted that other exaimSescould 
be gtven (rf compounds within the scope of the present invention, as for example, 
compounds where Ri is an alkyl other than ethyl (in which case, the compounds 
would be prepared by the procedure of the foregoing corresponding Examples, using 
another alkyi nitnle as a starting material in place of «-butyronitrile or efctf benz^ 
acetate m place of ethyl acetoacetate) with similar satisfactory results to be obtained, 
ftor&e sake of brevity of disclosure, however, additional example will not be provided 

In general, the phosphbdiesterase khibitors of the invention may find employment 
m the treatment of disorders responsive to the administration of epinephrine or 
norepir^inne, since in either case the result is maintenance of greater levels of 
C—AMP ^ m the first instance by retarding C— AMP degradation and in the second 
by stimulating its production. 
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Several compounds of die invention have been tested in vivo and reveal a variety 
of activities indicative of selective transport to specific tissues. Thus 3-cyano-5,7- 
dimetfayl pyrazolo [ 1,5a] pyrimidine has beea shown to significanriy inhibit ADP- 
fnrin<T* platelet aggregation. The corresponding 3-mtxo analog exhibits anri-piegpancy 
5 effect at 25 and 12.5 mg/kg orally, appreciable anti-edema activity, and some in- 

hibition of ADP-induced platelet aggregation. The 3-carboxamido ana log o f these 
compounds similarly demonstrated an anti-edema effect and was very active against 
ADP-mdnced platelet aggregation, 5,7-Dimemyl-3-bromo pyrazolo [l^a]pyrirrndine 
exhibited anti-edema and ADP-induced platelet aggregation inhihirory effects, and 
10 additionally had muscle relaxant properties at 300 mg/kg 3 hours after administration. 

This compound also exhibits a positive inotropic effect on the heart. It is interesting 
to note that the known compound 5,7 - dimethyl - 3 - carbethoxy pyrazole [1,5a] pyr- 
imidine was an anticonvulsant at 100 mg/kg, as wdl as an inhibitor of ADP-induced 
platelet ag gr ega tion.* i ^ 

15 . Preliminary pharmacological evaluation has revealed that 5,7-<lirnemylr^ra2ola- 15 

[l,5a]pyrimidine - 3 - carboxamide, 5,7 - dimethyl - 3 - iodopyrazdo[l,5a]pyr- 
urudine, 3 - bromo - 5,7 - dimemyipyiazolo [ 1,5a] pyrimidine, and 5* - isoptopyl- 
pyrazolo [ l^ajpyrirnidin - 7 - ol possess significant cardiovascular properties. In the 
isolated Langendorf heart preparation, these compounds bring about coronary dilation 
20 and/or produce a rxjsrtrve inotropic effect at amcentrations of 2.5 mg/mL 20 

When administered orally to rats at a dose of 50 mg/kg of body weight, 5,7- 
.Jinetirylpyza^ - 3 - carbcoramide, 3 - bromo - 5,7 - dimetbyi- 

pyrazolo[l^a]pyrimidine, 5,7 - cumethyi - 3 - iddor#ra^o[l,5a]pyrimidr^ and 
5 - isotm^Ipyrazolo[l^a]pyrimidin - 7 - ol significantly lowered blood pressure 
25 (10% or more). At an oral dose of 25 mg/kg, 5,7 - dimethyl - 3 - fodopyrazolo[l,5a] 25 

pyrimidine lowered blood pressure by 10% tor periods of up to six hours. 

In anesthesized dogs, 3 - bromo - 5,7 - dimethyipyrazdo[l^a] pyrimidine 
[5 mg/kg; i.v. infusion} caused a significant increase in the cardiac output at both 
30 and 60 minutes following the start of infusion (p 0.05). The increased output was 
30 21% and 20% respectively. The cardiac output was rnamtamed above baseline values 30 
for two hours after the infusion was stopped. A similar increase (pp=0.005) was 
observed in stroke volume during the same time. No significant changes were noted 
in the arterial pressure, central venous pressure, or heart rare. 

Additional pharmacological evaluation has revealed that 5,7 - dimethyl - 3 - nitro- 
35 pyrazolo[l,5a] pyrimidine and 7 - hydrazmo - 5 - methylpyrazolo[l^a] pyrimidine . 35 
possess anti-pregnancy activity in mice at an oral dose of 123 mg/kg of body weight 
Numerous of the 3^,7-trisubstitatedr^Tazolo[l^a] pyrimidines have shown anti- 
inflammatory (anti-edema) activity when evaluated by the methods described by C. A. 
Winter, et al, in Proc Exper. Biol Med., Ill, 544 (1962). In this test procedure 
40 signtfi ftmra is associated with compounds that bring about at least a 30% reduction w 
in foot volume when administered orally to rats at an oral dose of 100 mg/kg of 
body weight. The following table illustrated the activity possessed by various com- 
pounds of the present invention. 
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K 


Dose 
.rag/kg 


Inhibition of foot volume (%) 


CH S 


CH, 


N0 2 


100 


30 


CH a 


CH, 


C0NH 2 


103 


38 


>» 


II 


ti 


50 


0 


CH 8 




Br 


100 


38 


»t 


>» 


* > 


50 


. 1( > 


at* 


CH, 


i 


100 


75 


•I 


»» 


!» 


50 


54 


»t 


•* 


»> 


zs 


0 


CH, 


NH-C«H 9 (n) 


Br 


100 


50 


• t 




a» 


50 


0 



smoom^S ^l^¥' 7 " , ^^^g^ 0[ i' 5a] P^ dille8 « classified as 
smooth musde relaxants as evidenced by the fact mat relaxation of isolated guinea 
pig Htm preparations is observed on administration of such a compound The follow- 
jng^le illustrates the activity mat various compounds of^fiT^ilnveS: 
posses (Significance- is associated with a + response at concentration?* lOmg/S 
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h 



R4 






Cone. 
;ig/ml 


Response 


CH, 


| CH, 


I 


10 


+ 


91 






2 


+ 




»t 


»* 


0:4 


- 


OtfCrU* 


OH 


H 


10 


+ 




99 


9» 


2 


— 






H 


10 




99 


»» 


99 


2 


+ 






99 


0.4 




C*HJ(n) 


C|H y (n) 


H 


10 


+ j 


»» 


** 


>» 


2 


+ 


»> 


»i . 


»* 


0:4 




C.H, 


C,H, 


H 


10 


+ 








2 




99 


99 


99 






CH, 


CjH,^) 


Br 


10 


+ 


>• 


99 




2 




99 


»f 


99 


0.4 




C,H» 


C,H T (n) 


Br 


10 


+ 


If 






2 





Numerous of the 3A7-4iisubstitut*ripyia^ ***** 8180 **** 

found to significanty inhibit ADP induced platelet aggregation as determined by the 
method of AL H. Pinddl, et al, described in Microvasc Research, 2, 374 (1969). 
Significance in this test system is associated with compounds that possess the ability 
to inhibit 50% or greater at a concentration of 100 mg/mL The following table 
illustrates the activity that various compounds of the present invention possess. 
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Cone, 
pg/ml 


. (%) Inhibition 


Gil 


CH, 


C=N 


100 


79 


w 


»» 


»» 


50 • • 


62 


*» 


»> 


»» 


25 


31 


CH, 


CH, 


NO, . 


100 


54 


*» * 






50 


41 


CH, . 


CH, 


CONH, 


100 


100 


>t 


»> 




10 


51 


»» 


»» 


•» . 


5 


.41 


CH, 


CH, 


COOEt* 


100 


59 


9* 


» t 


>» 


50 


21 


CH, 


CH, 




100 


75 






> » 


50 


50 


CH, 


C,H» 


NO, 


100 


72 






»» 


50 


16 



* For comparison only. 



When 3 - ethyl - 5 - methyl - 7 - n - propyiaminopyrazolo [ l,5a}pyrinudine was 
administered orally to rats at a dose of 100 mg/kg, it was observed that this ccra^ 
pound possessed significant anti-iriflammatory activity. Fallowing the protocol of G A 
Winter, et al, described in Proc Exper. Biol Med., Ill, 544-7 (1962), this com- 
pound brought about a 30—40% decrease in foot volume as adjudged 4 hours after 



B. Richards, et al, described i» Curr. Ther. Res., ll y 587—93 (1963) a 
method for evaluating compounds for their antmauseant activities. FoUowine this 
protocol, it has been found that 5,7 - dimethyl - 3 - ethylpyrazoloIUalpyrniidin- 
' " Jv ~ *r>r : Methyl hydrazine possess significant antinauseant activity when 
adrninistered by mtraperitDneal injection to guinea pigs at a dose of 100 mg/kg of 
body weight w-t» 

When 5,7 - dimethyl - 3 - ethylpyrazolo [ l>5a] pyrimidine was administered orally 
tn rats at a dose of 25 mg/kg, it was observed that this compound possessed the ability 
to inhibit stress induced ulcer formation. Following the procedures Described by D XL 

^EJSL* * *? J™™*** Neuropsychiatry, 4, 383—408 (i968), this compound 
inhibited stress induced ulcers by 60-70% sk hours after dosing. * 

Prelirninary pharmacological evaluation has revealed also that several 3-alkyl 
subsututed compounds of the present invention possess the ability to bring about 
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smooth muscle relaxation. Following the protean described by R Lew and S. Toza 
in Journd of Pharmacology and Experimental Therapeutics, 142, 17&-84 (1963), 
it has been found that several of the compounds bring about relaxation of isolated 
guinea pig uteri at low concentrations. The results of these studies are sumrnariTe d 
in Table VHI. 

TABLE Vm 
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R, 


R, 


> 

Rt 


Minimum 
Effective 
Concentration 
(ag/ml) 


CH S 


H 


CH, 


C,H, 


10 


CH, 


H 


NH-CH 1 -CH 1 -CH 3 


C,H, 


2 


CH, 


H 


0-CH,-CH,-CH, 


CA 


10 


CH, 


H 


S-CH,-CH, 


C,H, 


10 



WHAT WE CLAIM IS:— 
. 1. A compound of die structure 
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wherein R x is H, afcoxycarbonyl, alkyl, carbonittfle, hflo^ ^carban^yl, ac^amino- 
methyl, dialkylammoinemyl, intro, amino, or acetemido; R, is alkyi, Q to C, hnear 
oT^cheddmin alkoxy, Q to Q alkyithio, SH, or alkyl or^diattylamino, cychc 
amino or substituted amino; R* is H; and R 4 is H, alkyl, or v&^;providri^t 
when R, and R« are methyl, R x is not H or carbethoxy; when R 4 is CHaand R 2 is 
methoxy or ethoxy, R x is not H, when R 2 is CH,, R« and Rx are not both H; and 
when R = is hydrazine and R 4 is phenyl, Ri isnotH. 

2. A compound as claimed in daim 1, wherem mere b at least one alkyl sub- 
stituent having from 1 to 8 carbon atoms. ■ 

3. A compound as claimed in claim 1 or daim 2, wherem there is at least 
20 one alkoxy substtaent having from 1 to 4 ciiibon atoms. . _ a!lrtjWl ; A 

4. A compound as claimed in any one of claims 1 to 3, wherem R s is an aikykmo 
group having from 1 to 3 carbon atoms. m # ..-^ 

5 A compound as claimed in any one of claims 1 to 3, wherem R* is diaftoxy- 
alkylamino, ^rboxy^larnino, hydroxyalkylarnmo, hydrazyl, alkyhdenohydrazyl, ^ 
25 morpholino or pipendino. . - 

6. A compound as claimed in any one of claims 1 to 3, wherem R» and K 4 are 

alkvl and Ri is halogen. ^ * « • 

7. A compound as claimed in daim 6, wherein R, and R< are methyl and R, is 

bromine, chlorine or iodine. * . . , •, on 

30 8. A compound as claimed in daim 6, wherem R< is methyl, R, is propyl, and 

R x is halogen. . 

9. A compound as claimed in claim 8, wherein Ri is bromine. 

10. A compound as claimed m any one of claims 1 to 3, wherem R, and 
are alkyl and R x is H. 
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11. A compound as claimed in daim 10, wherem R* and R 4 are ethyL 

¥ A , oompomid as claimed in claim 6, wherein R* and R 4 are both ethyl or 

propyl and R x is bromine. 

13. A compound as daimed in daim 6, wherem R 2 is ethyl, aid R a is bromine, 

14. A compound as daimed in any one of daims 1 to 3, herein R 2 and R. 
are alkyl and R t is nitro. 

15. A compound as daimed in daim 14, wherein R 4 is methyl and R» is ethyl 

16. A compound as daimed in any one of claims 1 to 3, wherein R. is phenyl, 
R« is alky! and Ri is H. * 

17. A compound as daimed in daim 16, wherem R, is methyL 

R^ 18 a4aSTa^ 

aminoUn°te 

20. A aHmwurd as dai^ in any one of daims 1 to 3, wherein R 4 is alkyL 
R* is alkykmino or dialkylanxmo, and R x is EL 

am ^ ' A com P° m ^ 055 <^rned in daim 20, wherein R* is methyl and R, is diethyi- 

^^22. A compound as daimed in daim 21, wherein R 4 is methyl and R, is octyi- 

^23. A compound as daimed in any one of claims 1 to 3 or 5, wherein K is 
alkyi, R 2 is substituted ammo and R t is halogen. ^ 
1t-J 24 -. ^ conmound as claimed it* daim 23, wherein R, is methyl, R, is dialkoxy- 
alkyiamino, and R x is bromine. J ™«u*y 

25. AcojnrK>undasclamiedinda^ 
^Acon^>omid as daimed m 
R« is cydk ammo or substituted amino and R x is EL * J 

... 27. A amipound as claimed in daim 26, wherein R« is methyl and R 2 is piper- 
idino or hydroxyalkylamino. - 

28. A compound as daimed in daim 27, wherein R, is hydroryethylainino. 

29. A compound as claimed in any one. of claims 1 to 3, wherein R, is ethyL 

30. A compoud as daimed in daim 29, wherein R t and R* are methyl. 

31. A compound as daimed in claim 29, wherein R 4 is methyl and R, is alkyl- 



32. A compound as claimed in daim 31, wherein R, is propykmino. 

or J^M^^ ** daImed m daim 29 ' ****** R * h mem 3 4 a^R*is propoxy 

At ~2*\ A - P™ttf* m*riag the 3,5,7 txisubstitotedpy^^ 

denned mdajm 1, which process comprises reacting a 3-aminopyrazole derivative with 

a symmetrical 0-diketone or an onsymmetrical jS-diketone. 

35. A process as claimed in claim 34, wherein a 3-unsabstitnred compound is 
obtained m the reaction involving a 3-ainmo-pyrazole derivative wm^ 3-unsubstimted 
compound is subsequendy reacted with an electrophilic reagent to obtain a 3JJ-tri- 
subsdtutedpyrazolo [1,5a] pyrimidine. 

36. A process as daimed in claim 35, wherein the electxophflic reagent is N- 
bromosuOTnmude, NKMorosuctammide, iodine monochloride, trifluoroacetic add and 
boron tnfluonde erherate, a frieddcrafts acyiation system, a nitrating reagent, or an 
aqueous solution of dimemylamine and formalin solution, 

. c 37. A process for preparing the 3A7-trisubsritute<^yia2olo[ 
defined m claim 1 which process comprises reacting a 3-aminopyra2ole derrvative with 
a ff-keto estter, treating the resulting 7-hydroxy substituted compound with phosphorus 
o^cWonde to obtain the 7-dJoro-3,5-disubstkuted pyrazdo [1,5-a] wrirnidine, 
which is then ^ reacted with a tradeophflic reagent to provide the said 7^aminoT^ 
alkoxy- or 7-alkylthio- derivatives. * 

38. A process as daimed in claim 37, wherem the nudeopmlic reagent is an 
amine, a sodium alkomde or a sodium alkyimeraptide. 

39. A process as daimed in daim 34, substantially as hereinbefbre described. 

40. A process as claimed in daim 34, substantially as hereinbefore described in 
any one of the specific Examples. 

41. A compound as daimed in ckm 1, whenever prepared by a process as 
claimed m any one of claims 34 to 40. ■ J * ^* 
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